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Monitoring of the biogenic amines (BAs) content in food products, including wine, is important due to the health
and safety of consumers and from the quality control point of view. In a given study, simultaneous derivatization
and salting-out liquid-liquid microextraction (SALLME) coupled with GC-MS for BAs determination from wine
samples was developed. For the optimization the Box-Behnken design was applied, where three independent
factors were evaluated: the amount of NaCl, amount of EtAc and vortexing time. The proposed approach is
characterized by good sensitivity expressed in the detection limit between 1.5 and 8.1 ug/L, good recovery on the

level 84 — 106% and good reproducibility, it is fast (20 min) and easy to perform. Moreover, the BAs index (BAI)
was applied in order to assess the quality of examined wines. BAI value for most of wine samples were below 2
mg/L what indicates that selected wines were of high quality.

1. Introduction

Biogenic amines (BAs) are a group of low molecular weight, organic
compounds that can be found in raw, processed and fermented food.
They are formed in the process of amino acids decarboxylation as a
result of natural metabolic activity in animals and plants cells, but also
by microorganisms as their protection against the acidic environment
[1,2].

There are two main factors influencing BAs content in wine: raw
materials (including grape varieties and degree of their maturation,
condition of vines cultivation like soil type, fertilization irrigation, cli-
matic condition) and production process (including microbial species
and their growth, ageing and fermentation condition) [1,2].

Different grape species have different content of amino acids and
BAs. The chemical composition of must formed from grapes has a sig-
nificant effect on the wine composition. Around 30% of BAs found in
grapes are present in the final wine product. Additionally, soil type,
climatic condition, fertilization, irrigation, solar radiation all these
factors influence vine growth and fruit ripening. Prolonged time of grape
ripening causes the raise of phenolic and aroma compounds, as well as
free amino acids accumulation (Guo et al., 2015).

Taking into account the production process, one of the most
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influential factors on BAs content in wine is a pH value. Given param-
eters should be adjusted in such a way as to create favorable conditions
for microorganisms to carry on malolactic fermentation and prevent the
production of BAs. Thus, the pH should be between 3.2 and 3.7. Below
3.2 the malolactic fermentation is disturbed while above 3.7 intensive
growth of bacteria is observed which results in a BAs formation. Another
factor that may influence BAs content in wine is the prolonged time of
skin presence during the maceration process, which may potentially
increase their concentration in wine. What is more, the ageing process
can contribute to the increased level of BAs in a given alcoholic beverage
due to extracellular decarboxylation on the way of protein hydrolysis to
amino acids and BAs [2].

Consumption of trace amounts of BAs plays an essential role in
numerous physiological functions of the human body. They are acting as
hormones and neurotransmitters being responsible for many body
functions such as smooth muscle modulation, mucus and gastric acid
secretion. Additionally, some of the ingested BAs can be detoxified by
acetylation or oxidation. Although, human organism can get rid of small
excesses, excessive consumption can be harmful. They can cause adverse
effects like headache or gastric and intestinal problems. What is more, in
the presence of nitrates and with the increased temperature secondary
BAs like spermine, spermidine, tyramine, putrescine or cadaverine may
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generate nitrosamines that act as carcinogenic agents [3]. However, it is
important to monitor the content of BAs in wine samples not only from
the health and safety of consumers but also from the quality control
point of view. Hence, the presence of BAs can be used as an indicator of
spoilage [1].

The aim of a given work was to develop and validate an extraction
technique suitable for BAs determination in wine samples with the use of
gas chromatography (GC) coupled with mass spectrometry (MS). The
focus was paid to create a robust, fast and miniaturized method that can
be applied in the industry in order to monitor BAs content in given
alcoholic beverages. Taking into consideration, the importance of
environmental protection, the development process of salt assisted liq-
uid-liquid microextraction technique (SALLME) was designed in order
to minimize its influence on the environment and thus, to meet the
criteria of green chemistry. Methodology based on SALLME-GC-MS al-
lows for simple and fast determination of BAs in wine sample. The
evaluation of selected BAs provided the basic knowledge about the
determination and monitoring of BAs index (BAI) which is important in
order to assess the quality of examined wines.

2. Materials and methods
2.1. Reagent and materials

All BAs: methylamine (MET), dimethylamine (DIMET), ethylamine
(ET), diethylamine (DIET), propylamine (PROP), butylamine (BUT),
isopentylamine (IPA), hexylamine (HEX), aniline (IS), 2-phenylethyl-
amine (2-PE), putrescine (PUT), cadaverine (CAD), histamine (HIS),
tyramine (TYR), tryptamine (TRYP) were purchased from Sigma-Aldrich
(St. Louis, MO, USA). Aniline was used as an internal standard. During
the analysis with the GC-MS method following chemicals were used:
ethyl chloroformate (ECF), used as derivatization agent, purchased from
Sigma-Aldrich (St. Louis, MO, USA), ethyl acetate (EtAc) purchased
from MERCK, triethylamine (TEA) purchased from Sigma-Aldrich (St.
Louis, MO, USA); NaOH purchased from POCH (Gliwice, Poland); NaCl
purchased from POCH (Gliwice, Poland). Stock solutions of BAs (1 mg/
ml), as well as internal standard (1 mg/ml), were prepared in ultrapure
water and stored in 4 °C. Appropriate dilutions of stock solution were
prepared on daily basis with water. Water (18MQ cm, TOC < 5 ppm)
was ultra-purified in-lab using the MiliQ Plus system (Millipore, Bed-
ford, MA, USA).

Table 1
Wine sample characteristics.
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2.2. Sample

For a given study a total of 23 wines (10 red wines, 10 white wines
and 3 rose wines) coming from a different region of Poland were
analyzed. All samples were stored at room temperature (21 °C) and were
protected from light. Characteristics of wine samples used for the
analysis are gathered in Table 1.

2.3. SALLME and derivatization procedure

In a given study, derivatization and extraction of BAs were done in
parallel preceded by filtration (all wine samples were filtrated through
0.45 um PES syringe filters). To perform derivatization, ECF was used.
ECF reacts with BAs and forms stable, volatile carbamate forms. Deriv-
atization of BAs can be performed in the alkaline solution of a stable pH
between 10 and 12 [4]. Thus, as the wine samples has a pH < 4, the pH
was adjusted with the use of 1 mol/L NaOH. Moreover, TEA was used to
facilitate the reaction and help to remove hydrogen chloride from the
solution. The addition of TEA significantly reduced the time of reaction
and enabled performing the sample preparation at room temperature
[5]. Derivatized BAs were extracted from the sample through salting-out
liquid-liquid microextraction, in which EtAc was used as a “greener”
alternative to the commonly applied extraction solvents. The scheme of
the detailed derivatization and extraction procedure is presented in
Fig. 1.

2.4. Optimization of the extraction process

The extraction process of BAs from wine samples was optimized with
the use of the Box-Behnken design (BBD). The application of the given
model helped to perform an efficient optimization process. Based on the
preliminary research, there were selected three parameters to be opti-
mized with the use of the BBD, these are amount of salt (NaCl was used
with a concentration in the range between 5 and 15% w/v); the amount
of extraction solvent (EtAc was added in the range of 50 — 250 pL);
vortex time (10-90 sec.). The amount of sample (65 pL) and amount of
ECF (1.2 uL), TEA (1.2 pL) were constant [6]. The optimization process
was performed on the spiked, red wine samples. What is more, the
analysis was done in randomized order to prevent the formation of
standard error. The coded and uncoded BBD is presented in Table 2.

Label Year Type of wine Voivodship % Alcohol Grape type Sugar content
1R 2015 Red Opolskie 11.0 Regent dry

2R 2017 Red Matopolskie 12.0 Regent dry

3R 2014 Red Lubelskie 12.1 Rondo dry

4R 2013 Red Matopolskie 12.5 Regent dry

5R 2017 Red Dolnoslaskie 13.5 Dornfelder dry

6R 2017 Red Matopolskie 11.0 Rondo dry

7R 2017 Red Dolnoslaskie 13.5 Pinot Noir dry

8R 2016 Red Zachodnio-pomorskie 13.0 Rondo/Regent dry

9R 2015 Red Opolskie 11.5 Rondo dry

10R 2016 Red Podkarpackie 12.5 Mix of 3 grapes dry

1w 2016 White Lubelskie 12.0 Johanniter dry

2W 2017 White Dolnoslaskie 12.0 Riesling semi-dry
3W 2016 White Lubuskie 12.0 Pinot Gris, Riesling, Muscat Ottonel, Gewurztraminer semi-dry
4 W 2017 White Matopolskie 12.0 Seyval Blanc, Hibernal, Johanniter, Solaris semi-dry
5W 2016 White Lubuskie 13.0 Pinot Gris semi-dry
6 W 2016 White Lubelskie 12.5 Solaris sweet
7W 2014 White Matopolskie 12.0 Bianca dry

8W 2017 White Zachodnio-pomorskie 12,5 Solaris dry

IW 2017 White Podkarpackie 12.0 Mix of grapes semi-sweet
10W 2015 White Podkaprackie 11.5 Mix of 8 grapes dry

1Ro 2014 Rosé Matopolskie 10.5 Zweiglet semi-dry
2Ro 2015 Rosé Dolnoslaskie 10.5 Regent dry

3Ro 2016 Rosé Podkarpackie 11.5 A mix of 3 grapes dry
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50 - 250 pL EtAc

1.2 pL of ECF
and 1.2 pL of TEA

65 pL of wine
+15 pL of IS (Cpnar = 5 ppm)

Qo

Vortexing for 10 -90 s
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Centrifugation
1.5 min at 3.6 rpm

Fig. 1. Schematic representation of the salt assisted liquid-liquid microextraction of BAs from wine samples.

Table 2
Coded and uncoded BBD.

Table 3
Characteristic ions for selected biogenic amines.

Std Run Coded BBD Uncoded BBD Amines Molecular weight [g/mol] Ions (intensity)
Order Order
A- B- C- NaCl EtAc Vortex MET 31.05 58 (99.9), 75 (47,9), 103 (33.1)
NaCl  EtAc  Vortex  [%] [uL] [s] DIMET 45.08 72 (99.9), 88 (70.8), 117 (56.0)
ET 45.0 30 (99.9), 72 (75.4), 117 (36.3)
; 1 1 1_1 j g ?5 gg 28 DIET 73.14 130 (99.9), 145 (44.9), 116 (29.9)
3 14 1 1 o s 250 <0 PROP 59.11 102 (99.9), 131 (20.4), 103 (6.7)
4 12 1 1 o 15 250 0 BUT 73.14 102 (99.9), 145 (13.4), 116 (8.4)
s , 1 o 1 s 10 10 IPA 87.17 102 (99.9), 90 (33.2), 103 (19.5)
6 18 1 o 1 1s 150 10 HEX 101.19 102 (99.9), 144 (12.2), 90 (11.1)
. 5 . o 1 s 150 % Aniline (IS) 93.13 165 (99.9), 93 (74.0), 106 (61.0)
8 13 1 o 1 15 150 % 2-PE 121.18 102 (99.9), 104 (46.3), 193 (23.2)
5 17 0 1 1 1o 0 10 PUT 88.15 102 (99.9), 142 (54.3), 141 (18.7)
10 9 0 1 1 1o 250 1o CAD 102.18 102 (99.9), 84 (21.1), 156 (19.4)
1 16 0 _1 1 10 0 % HIS 111.15 81 (99.9), 154 (51.4), 166 (8.6)
12 10 0 1 1 10 250 % TYR 137.18 120 (99.9), 107 (95.2), 102 (31.9)
13 1s o o o 10 150 <0 TRYP 160.22 130 (99.9), 143 (38.4), 232 (20.4)
14 3 0 0 0 10 150 50 *quantification ions are marked in bold.
15 4 0 0 0 10 150 50
16 6 0 0 0 10 150 50
17 5 0 0 0 10 150 50 concentrations of BAs in wine samples were calculated and used as input
18 8 0 0 0 10 150 50 data for multivariate statistical data analysis using the Orange v.3.20

2.5. GC-MS conditions

The separation of BAs with the use of a GC-MS system was performed
on the GC 7890A (Agilent Technologies) system equipped with an
electronically controlled split/splitless injection port interfaced to an
inert mass selective detector 5975C (Agilent Technologies) with an
electron impact ionization chamber. Chromatographic separation was
achieved using a ZB-5MS capillary column (30 m x 0.25 mm LD., 0.25
um) (Zebron Phenomenex). The injector temperature (splitless mode)
and the interface were set at 250 °C. The sample injection volume was 2
uL. The temperature program was as follows: 55 °C held for 4 min then
ramped to 280 °C at 50 °C/min and held for 7.5 min. The total run time
was 16 min. Helium was used as the carrier gas at 1.0 mL/min. Spectra
were obtained at 70 eV. For better selectivity and sensitivity, the anal-
ysis was performed in selected ion monitoring mode (SIM). The ionic
fragments of biogenic amines that were detected are presented in
Table 3.

2.6. Data analysis

MZmine 2 [7] was used to process the chromatographic results. The

Python toolkit. The first step in the data processing procedure was to
standardize the data. The model was then fitted using the Box-Behnken
design utilizing a multiple regression analysis (Minitab 17, LLC, State
College, Pennsylvania, USA). The model’s linear, quadratic, and inter-
action regression coefficients, as well as their effects, were statistically
assessed using analysis of variance (ANOVA) at probability levels (p <
0.05).

3. Results & discussion

The BBD is one of the most commonly applied experimental design
methods used to perform the optimization process. The given model was
chosen in order to reduce the number of samples necessary for the
optimization process, avoiding experiments under extreme conditions
which can lead to unsatisfactory results. The application of BBD helped
to save time needed for sample preparation as well as to reduce reagents
use and thus the amount of money spent [8]. The number of experiments
depends on the number of factors that one can evaluate and is expressed
by the following formula:

N =2k(k—1)+Cy &)

where N is the number of experiments; k is the number of factors and Cy
is the number of central points [8].
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In a given study, three independent factors that influence the
extraction of BAs from wine to the organic layer and their interactions
were examined, which lead to 12 experiments and 6 central points.

A polynomial model for estimating the BAs in terms of the amount of
NaCl added, volume of extraction solvent and time of vortex is shown in
the equation (2):

BAs = 1.709 —0.0178 [NaCl] — — 0.013232 [EtAc|
— — 0.00225 [vortex] + 0.000038 [NaCi)* + 0.000025 [EfAc]’
+ 0.000005 [vortex]” 4+ 0.000084 [NaCl] x [EtAc]
— — 0.000023 [NaCl] x [vortex] + 0.000009 [EtAclx [vortex]

@

The result of the optimization is presented on the response surface
plots in Fig. 2.

The ANOVA test (the results are presented in Table 4) and model
coefficient helped to assess the significance of the model. The results of
F-value (148.69) and the corresponding p-value indicated that the
model was significant. R? (0.994), adj-R2 (0.987), pred-R2 (0.910) high
values indicated that the model’s form was strongly correlated with the
responses and independent variables. Based on the results of p-values of
each component, the most influential was the amount of EtAc which
obtaines p value < 0.001, while the amount of NaCl and vortexing time
did not affect the BAs extraction efficiency. The addition of NaCl helped
to reduce the solubility of some organic compounds in the aqueous
phase, which prevented the formation of emulsion [9]. Even the lowest
examined amount of salt (being on the level of 5%) increased the visi-
bility of organic and inorganic layers, no emulsion was observed.
Moreover, with the use of the lowest examined amount of EtAc (50 L),
the best extraction efficiency was obtained. With a given amount of
extraction solvent, it was still possible to see two layers and take an
appropriate amount of the upper layer for the GC-MS analysis. What is
more, the Green Analytical Chemistry principles concerning the
decrease of the volume of solvent use and reduction of waste generation
can be applied while efficiency is increased. With a given amount of
extraction solvent still, it was possible to see two layers and take an
appropriate amount of the upper layer for the GC-MS analysis. With the
adjusted extraction parameters the figures of merit, presented in Table 5,
were evaluated.

According to quality assurance protocol, the following parameters
were examined: linearity, precision, sensitivity and accuracy. Linearity
was measured with the use of ten aqueous solutions containing selected
BAs with concentrations ranging from 0.05 to 1 mg/L and from 1 to 10
mg/L. The given parameter was excellent with the correlation co-
efficients above 0.99 for all studied compounds. Obtained calibration
curves were used for the evaluation of the concentration of the target
compounds which was calculated by the ratio of the peak area of the
target compound to the peak area of the IS and submitted to the obtained
equations from the calibration curves. In terms of precision, both intra-
and inter-day precision were determined by the application of five
replicates of wine samples spiked at two levels (0.25 and 2.5 mg/L)

Microchemical Journal 180 (2022) 107616

Table 4
Analysis of variance and regression coefficients of the calculated surface
quadratic model for sum of BAs peak areas.

Source df SS MS F-value P-value
Model 9 1.81140 0.20127 148.69 <0.001
Linear 3 1.51053 0.50351 371.98 <0.001
NaCl 1 0.00627 0.00627 4.63 0.064
EtAc 1 1.49873 1.49873 1107.22 <0.001
Vortex 1 0.00553 0.00553 4.09 0.078
Square 3 0.28857 0.09619 71.06 <0.001
NaCl*NaCl 1 0 0 0 0.958
EtAc*EtAc 1 0.28113 0.28113 207.69 <0.001
Vortex*Vortex 1 0.00026 0.00026 0.19 0.673
2-Way Interaction 3 0.01231 0.0041 3.03 0.093
NaCl*EtAc 1 0.00706 0.00706 5.22 0.052
NaCl*Vortex 1 0.00009 0.00009 0.06 0.806
EtAc*Vortex 1 0.00516 0.00516 3.81 0.087

*df - degrees of freedom; SS — sums of squares; MS — mean square.

estimated in the same day for intra-day (RSD;) precision and on three
different days for three weeks for inter-day (RSDg) precision. Each
replicate was submitted to overall methods. For the lower concentration,
intra-day precision was between 2.3 and 10 %RSD with the recovery
(estimated using the ratio of the peak areas of the spiked samples of
known concentration of BAs to those of spiked aqueous solution (n = 5))
between 85 and 106%, while for higher concentration intra-day preci-
sion was between 2.6 and 11 %RSD with the recovery between 89 and
108%. Sensitivity expressed as the LOD and LOQ were calculated from
spiked samples (n = 5) and the minimum detectable analyte amount
with a signal to noise ratio of 3 and 10 were established. LOD was at the
level between 1.5 and 8.1 pg/L, the lowest for cadaverine and the
highest for putrescine, while LOQ was in the range between 7.6 and 27.
Accuracy calculated as a coefficient of variation (CV) was on the level
between 82 and 101 %RSD. Exact values of the following validation
parameters are gathered in Table 5.

There are several scientific reports, available in the Web of Science
and Scopus database, showing different approaches of BAs determina-
tion from wine samples, from which 15 are presented in Table 6. From
the gathered information it is visible, that the most often applied tech-
nique is high-performance liquid chromatography, applied in 8 out of 15
available methods, which involves either a time-consuming extraction
process (even up to 55 min) or chromatography separation (even up to
77.5 min). Based on the comparison of the developed method with
selected approaches, it can be concluded that proposed method is
characterized by satisfactory LOD and recovery values. Moreover,
looking at other methods used for BAs determination in wine samples, it
can be seen that the given method enables the determination of the
highest number of the analytes in a single run (14 BAs) while in the other
published scientific reports 4 — 13 analytes, but 13 analytes are deter-
mined by GC-MS technique applying longer separation time, 25 min

1.00
0.75
<
050
0.25
0.00
9
70
50 & 5.0 50 &
" 7.5 <&
30 & e d%0 1o EJR
10 1) 12 150 10

Fig. 2. Response surface plots showing: A — the effect of NaCl [%] and ethyl acetate [uL] addition; B - the effect of the vortex time [s] and ethyl acetate [uL] addition;
C - the effect of the vortex time [s] and NaCl [%] addition on BAs extraction efficiency.


http://mostwiedzy.pl

A\ MOST

M. Fabjanowicz et al.

Microchemical Journal 180 (2022) 107616

Table 5
Method validation parameters for SALLE-GC-MS.
Analyte  Concentration level Inter-day (%RSD) LOD (ug/ LOQ (pg/ ME
L) L)
0.25 mg/L 2.5 mg/L Accuracy (precision) (n = 5) (c =
Intra-day (% Recovery Intra-day (% Recovery Day Day Day 0.25 mg/mL)
RSD) (%) RSD) (%) 1 2 3
MET 3.3 91 3.5 95 4.4 4.4 4.6 2.3 7.6 93 (4.1)
DIMET 6.2 93 6.8 97 6.5 6.4 6.7 5.4 18 95 (5.0
ET 4.1 96 3.3 99 4.8 4.9 4.7 2.3 7.6 96 (9.8)
DIET 10 99 11 100 11 12 12 1.9 6.3 101 (9.3)
PROP 2.3 84 2.6 91 2.5 2.5 2.7 4.2 14 83 (6.9)
BUT 4.7 101 4.9 99 4.3 4.5 4.6 2.8 9.2 95 (7.1)
IPA 3.1 92 3.6 96 3.4 3.1 3.3 5.3 18 96 (8.3)
HEX 6.0 97 5.9 102 6.3 6.6 6.4 2.7 8.9 93 (5.4)
2-PE 4.3 99 5.0 98 4.2 4.4 4.5 6.4 21 94 (7.2)
PUT 4.1 101 4.9 102 4.4 4.7 4.6 8.1 27 98 (3.9)
CAD 2.9 85 3.6 89 3.1 3.0 3.3 1.5 5.0 82 (4.1)
HIS 3.4 95 4.1 97 3.7 3.3 3.7 29 9.6 91 (3.7)
TYR 4.7 96 4.9 98 5.0 4.7 4.9 21 6.9 94 (9.1)
TRYP 10 106 11 108 11 9.9 11 3.1 10 99 (11)
Table 6
Information on analytical methodologies developed for biogenic amines determination in wine samples.
Separation Sample Extraction Type of LODs Recovery RSD [%] Detection = Number Time of Ref
technique preparation time [min] derivatizing [%] of chromatography
agent analytes analysis [min]
GC ion-pair 17 HFB 5 pg/L 97,8 <15 MS 7 15 [11]
extraction
GC SPME 50 IBCF 0.009 pg/L 85,6 2-11 MS 6 25 [14]
HPLC filtration - DNS-Cl 120 pg/L 92,2 2.9-4.2 uv 4 50 [15]
HPLC UDLLME 46 DMQC-OSu 0.02-5 g/ 95.4-104.6 2.4-5.5 FL 3 10 [16]
L
HPLC SPE 55 AQC 15-50 pg/L 78.9-120 2.3-6.1 FL 4 47 [17]
MEKC filtration - FBQCA 0,4-12 nM - 1.5-4.8 LIF 7 15 [13]
RP-HPLC dSPE 55 Benzoyl 133-509 72-99 2.5-28.7 uv 12 77,5 [12]
chloride ng/L
RP-HPLC LLE 50 CNBF 20-30 pg/L 97-102 - DAD 4 24 [18]
UHPLC PVPP 45 DNS-CL 0.02-0.15 57.61-109.42 0.72-4.86 uv 8 18 [19]
mg/L
HPLC LLE ~37 DNS-Cl 0.25-2.5 93.9-106.3 1.6-4.3 FL 7 20 [20]
uM
HPLC SALLE 27 DNS-CL 3-28 ug/L - 3.4-25.8 FLD 9 45 [21]
GC DLLME 10 IBCF/PCF 1.1-3.9 pug/ 88-105 2-10 MS 13 25 [10]
L
GC SPME 50 IBCF 3.1-25 ng/ 84-106 2-15 MS 13 25 [22]
mL
CE - - - 15 ng/mL 72-117 2-14 MS 11 30
GC SALLME 4 ECF 1.5-8.1 ug 84-106 2.3-10.4 MS 14 16 This
/L work

GC - gas chromatography; HPLC — high performance liquid chromatography; MEKC — micellar electrokinetic capillary chromatography; SPME - solid phase micro-
extraction; UDLLME - ultrasound-assited dispersive liquid-liquid microextraction; dSPE - dispersive solid phase extraction; LLE — liquid-liquid extraction; PVPP —
Polyvinylpolypyrrolidone; SALLE - salting-out assited liquid-liquid extraction; DNS-Cl - densyl chloride; DMQC-OSu — 2,6-dimethyl-4-quinolinecarboxylic acid N-
hydroxysuccinimide ester; AQC — 6-aminoquinolyl-N-hydrosysuccinimidyl carbamate; CNBF — 2-chloro-1,3-dinitro-5-(trifluoromethyl)benzene (4-chloro-3,5-dini-
trobenzotrifluoride; MS — mass spectrometry; UV -; FL — fluorescence detection; LIF — laser-induced fluorescence.

(DLLME-GC-MS; Ptotka-Wasylka et al., 2016). Thus, the given method
has higher throughput which is sought and preferable in the industry.
Additionally, SALLME-GC-MS is the fastest procedure for BAs determi-
nation in wine samples. It takes only 4 min for the sample preparation
step to be performed and 16 min for the chromatographic separation
(20 min in total). Other methods presented in the literature take from 30
min (ion-pair extraction GC-MS; Fernandes & Ferreira, 2000) to even
more than 1 h (dSPE-RPLC-UV; Milheiro et al., 2019). There is only one
exception where micellar electrokinetic capillary chromatography
(MECK) is applied. The analysis lasts only 15 min, however, only seven

analytes are determined in a single run (MECK; ZHANG et al., 2008).
With the application of SALLME-GC-MS, all the compounds of in-
terest were successfully separated and quantified. The information
regarding biogenic amines content in wine samples is given in Table 7.
Taking into an account the total BAs content in the group of studied
wine samples (red wines: 1173.57 pg/L; white wines: 612.56 ug/L; rosé
wines 793.54 ug/L), it is visible that selected red wines are characterized
by higher BAs content than white and rosé wines. It relates directly to
the production process of the specific type of wine, in the case of red
wines it includes a maceration step with grape skin, which results in
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Table 7

BAs determined by the SALLME - GC-MS in selected wine samples (n = 5).

Microchemical Journal 180 (2022) 107616

wines

Analytes [ug/L]

MET DIMET ET BUT HEX 2-PE IPA TYR TRYP PROP DIET CAD PUT HIS
1w <LOD <LOD <LOD <LOD 75.71 31.31 <LOD <LOD <LOD <LOD <LOD 397 1148 598
+2.10 +0.21 +10 +29 +11
2W <LOD 20.41 £ 0.39 <LOD <LOD <LOD 9.11 <LOD <LOD <LOD <LOD <LOD 12.09 435 855
+0.19 +0.78 +12 +23
3w <LOD <LOD 9.141 <LOD <LOD <LOD 377 <LOD <LOQ <LOD <LOD <LOD 317 £ 11 227.7
+0.039 +13 +4.6
4W <LOD 19.32 + 0.46 <LOD <LOD 178.2 9.08 <LOD <LOD <LOD <LOD <LOD 32.11 249.1 211.1
+1.9 +0.19 +0.16 +8.1 +2.1
5W <LOD 29.35 + 0.41 <LOD <LOD <LOD <LOD 112.8 <LOD <LOD <LOD <LOD <LOD 198.2 111.3
+3.7 +6.8 +1.7
6W <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 91.3 259.8
+1.1 +2.4
7W <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOQ <LOD <LOD 177.1 341 899
+3.9 +12 +31
8w <LOD <LOQ <LOD <LOD <LOD 28.34 234.5 <LOD <LOQ <LOD <LOD 105.31 509 1443
+0.33 +9.7 +0.88 +16 +51
9w <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOQ <LOD <LOD 154.1 289 877
+3.8 +10 +22
10W <LOD <LOD <LOD <LOD 115.9 19.38 <LOD <LOD <LOD <LOD <LOD 42.19 257.1 311.1
+1.1 +0.21 +0.19 +6.1 +3.0
1R <LOD <LOD 11.19 <LOD <LOD 37.44 109.2 119.4 <LOD <LOQ 20.11 70.17 <LOD 763
+0.11 +0.39 +1.3 +1.7 +0.24 +0.93 +19
2R <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 25.13 <LOD <LOD <LOD <LOD 126.0
+0.16 +1.3
3R <LOD <LOD <LOD <LOD <LOD 31.01 214.2 <LOD <LOD 54.2 84.2 <LOD 121.1 <LOD
+0.27 +2.3 +1.3 +1.0 +1.9
4R <LOD <LOD <LOD <LOD <LOD <LOD <LOD 27.11 34.0 <LOD <LOD <LOD 58.11 422
+0.13 +1.3 +0.67 +14
5R 112.7 <LOD <LOD <LOD <LOD 30.47 <LOD <LOD <LOD <LOD <LOD 39.33 170 137.3
+1.6 +0.31 +0.22 +1.9 +2.1
6R <LOD 40.12 <LOD <LOD <LOD <LOD 111.7 10.21 19.07 <LOQ 18.51 55.26 696 194.1
+0.10
+0.77 +1.5 +0.23 +0.19 +0.39 +17 +5.4
7R <LOD <LOD <LOD <LOD <LOD 17.19 <LOD <LOD <LOD <LOD <LOD 87.0 154 131.2
+0.24 +1.2 +1.1 +2.0
8R <LOD <LOD <LOD <LOD <LOD 13.11 <LOD <LOD 13.71 <LOD <LOD 191.3 330 122.1
+0.11 +0.07 +4.2 +2.8 +1.7
9R <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOQ <LOD <LOD <LOD 199 389.0
+17 +3.7
10R 52.31 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 33.15 <LOD <LOD 17.04 258 128.0
+0.25 +0.19 +0.13 +21 +2.4
1Ro <LOD <LOD <LOQ <LOD 70.1 <LOD 29.42 <LOD <LOD <LOD <LOD 47.99 832 67.17
+1.6 +0.057 +0.17 +21 +0.71
2Ro <LOD <LOD <LOD <LOD <LOQ <LOD <LOD <LOD <LOD <LOD <LOD <LOD 432 298.0
+15 +4.7
3Ro <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 41.12 389 156.7
+0.23 +12 +1.2
6
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higher polyphenol, amino acids and thus BAs content [23]. Moreover,
the production process of red wines consists also of malolactic fermen-
tation which is not often applied during white wine production or is
much shorter [23].

Considering different types of wine samples (white, red and rosé
wines) there are different trends in individual BAs abundance observed,
presented in Fig. 3.

In red wines, five biogenic amines are the most abundant: HIS (111.3
—1443.0 pg/L), PUT (91.3 - 1148.0 ug/L), CAD (12.1 - 154.1 pg/L), IPA
(112.8 -377.0 ug/L and HEX (75.7 — 115.9 ug/L). TRYP were present in
a concentration range between 3.03 and 6.07 pg/L, DIMET 13.07 —
29.35 ug/L, 2-PE 9.08 — 31.31 ug/L, while ET was quantified only in one
red wine sample 3R with a concentration of 9.14 ug/L and TYR, PROP,
DIET, MET, and BUT were below the LOD in all the red wine samples.

In white wines, four biogenic amines are present in significantly
higher concentrations than others. These are HIS (122.1 — 763.0 ug/L),
PUT (58.1 - 696.0 pg/L), CAD (17.04 — 191.30 pg/L) and IPA (109,2 -
214.2 pg/L). The rest of the analyzed biogenic amines were present in
much lower concentrations like 2-PE (13.11 - 37.44 ug/L), TYR (10.21 -

60
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119.4), TRYP (9.11 - 33.15 pg/L), PROP (8.36 — 54.2 ug/L) and DIET
(18.51 - 84.2 pg/L). MET was quantified only in two wine samples
(52.31 -112.70 pg/L), DIMET and ET were quantified only in one wine
sample (40.12 pg/L and 11.19 pg/L respectively) while HEX and BUT
were below the detection limit in all white wine samples.

In rosé wines, four biogenic amines are present at the highest con-
centration, these are PUT (389 - 832 ng/L), HIS (67-298 pg/L), CAD
(41-48 pg/L) and HEX (11-70 pg/L). IPA and ET were quantified in only
one rose wine sample 1Ro with a concentration of 29.4 and 6.1
respectively, while the rest: TYR, TRYP, PROP, DIET, MET, DIMET, 2-PE
were below the detection limit in all studied rose wine samples.

In all the studied Polish wine samples PUT, CAD and HIS were the
most abundant BAs regardless of the wine type which is similar to the
BAs content reported in wines of different origins. In Greek red wines the
most abundant was PUT (0.14 — 5.90 mg/L) followed by CAD (0.12 -
3.94 mg/L), HIS (0.04 - 2.63 mg/L) and TYR (0.10 — 1.75 mg/L).
However, in Greek white wines the most abundant was PUT (0.22 — 9.07
mg/L) followed by TYR (0.03 — 1.80 mg/L) and HIS (0.18 — 1.09 mg/L)
[24]. Spanish wines were characterized by the BAs profile presented as

DIMET 3] HEX 2PE

e

Rose wines

Biogenic amines

BRedwines

BWhite wines Row wines

Fig. 3. Mean concentration of the selected BAs in white, red and rosé wine samples.
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follows PUT (0.06 — 99.9 mg/L) > TYR (0.03 - 18.2 mg/L) > HIS (0.39 —
15.9 mg/L) > CAD (0.3 - 14.1 mg/L) in red wines and PUT (1.93 - 26.5
mg/L) > TYR (0.53 - 11.3 mg/L) > HIS (0.67 — 10.8 mg/L) in white
wines. In Spanish rosé wines, HIS (0.46 — 5.18 mg/L) and PUT (2.64 -
4.01 mg/L) were the most abundant BAs [24]. However, the concen-
tration of the selected BAs was significantly higher than BAs concen-
tration in Polish wines.

The high content of PUT may indicate that the ageing process took
place in the oak barrels or that yeast and malolactic bacteria were still
present during the ageing process of the selected wines [25]. CAD and
TYR are produced by yeast autolysate, which transforms tyrosine and
lysine amino acids, added to the must, into corresponding BAs [1].
While histamine, the most often studied BA due to its toxicity, is pro-
duced by bacteria and yeast through histidine decarboxylation. Head-
aches, low blood pressure, heart palpitations, vomiting and diarrhoea
are among documented side effects of a given compound. The most
vulnerable group of people are patients with histamine intolerance.
Taking into account the health and safety of consumers it is very
important to monitor the content of a given compound in food and
beverages products [1].

3.1. Wine quality assessment

There are no established limits for the content of the BAs in wines.
There is only one recommendation regarding histamine concentration in
wine samples, however, its upper limit varies by country. In Germany,
there is 2 mg/L, in Belgium 5-6 mg/L, in France 8 mg/L and Switzerland
10 mg/L allowed content [1]. In all of the examined wine samples, the
histamine level was much lower than the most strict acceptance limit
determined in Germany. The histamine content in the studied wine
samples was on a level between 0.23 and 0.011 mg/L.

The histamine and tyramine are BAs having the most toxic effects on
human health, which can be even enhanced in the presence of aliphatic
diamines putrescine and cadaverine [26]. Thus, in order to evaluate the
quality of food product, there is a BAs index (BAI) introduced [26].
Given index is based on the sum of the concentration (C) of the given
four BAs, as follows (Equation (3)):

BAI = Cpyr + Ccap + Cuis + Cryr 3

The BAI index found its application to assess the quality of meat [27].
The meat of poor hygiene quality has BAI between 20 and 50 mg/kg,
while spoiled meat has a BAI value greater than 50 mg/kg [28]. In a
given study the BAI index was applied to wine samples in order to assess
their quality regarding the chosen four BAs, the results are presented in
Fig. 4.

According to the obtained results, the highest BAI value is observed
for the red wine samples, which is equal to 1.1 &+ 0.7 mg/L. The sum of
the concentration of the chosen four BAs in red wine samples varies
significantly. However, 75% of obtained results are on the level of 0.35
mg/L and none of the studied red wine samples exceeded 2.4 mg/L. BAI
value for white wine samples is equal to 0.50 + 0.28 mg/L while for rosé
wine samples is between 0.56 and 0.95 with a mean value equal to 0.76
+ 0.15 pg/L. This results corresponds to the highest observed total BAs
content in the selected red wines. It indicates the usefulness of BAI index
in the wine quality assessment. What is more, a similar trend is observed
in Italian wine from the region of Abruzia. BAI of Abruzia wine for red
wine sample was the highest equal to 16.12 mg/L, while for rosé and
white wine samples were much smaller 5.52 and 3.62 respectively [29].
Moreover, the results of BAI values for the wines analyzed in a given
study, indicate that studied wine samples were characterized by good
quality. They are not spoiled or contaminated by a microorganism, and
the production process satisfies the hygienic requirements.

4. Conclusions

Carrying out the extraction and derivatization process in parallel

Microchemical Journal 180 (2022) 107616

0 0.6 1.2
BAI [mg/L]

Red wine [l White wine Rose wine

Fig. 4. Box - plot showing BAI values for red, white and rosé group of wines.

prevents the loss and/or contamination of the selected analytes and the
reduction of waste generation. What is more, a reduced number of
procedure steps leads to time savings. Application of the EtAc as an
extraction solvent stands as a green alternative for the commonly
applied solvent. The proposed, optimized extraction technique enables
efficient BAs extraction with relevant figures of merit that satisfy the
requirements of green analytical chemistry. Additionally, comparing
given work with other method published in the available databases, it is
visible that SALLME-GC-MS stand as a good alternative for BAs deter-
mination from wine samples. It enables fast analysis with high
throughput with relevant validation parameters what indicates that the
given method can be successfully applied for the routine analysis.
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